The present study aimed to assess the effect of different flap designs on pain, swelling and trismus following surgical removal of impacted mandibular third molar. The study was carried out in Oral and Maxillofacial Department, Dental Teaching Hospital of Dentistry College, Mosul University.
INTRODUCTION
Third molar impaction surgery is a common dental procedure that requires a sound understanding of surgical principles and patient management skills, (1) and often the removal of impacted lower third molar involves trauma to the soft and hard tissues due to preparation and retraction of a mucoperiosteal flap and the removal of bone, which is frequently followed by oed-ema of varying degree, pain, trismus (2, 3) and at times delayed healing. (4, 5) Overtime, certain standards and expectations have been established as benchmarks for acceptable treatment, whether third molar surgery is performed by the specialist; those standards are the same, such as timing for surgery, flap design, instrumentation, extent of bone removal, sectioning methods and suturing.
(1) Some researchers stated that the difficulty of removing an impacted tooth depends on its accessibility. Therefore, to gain access to the area and visualize the overlying bone that must be removed, the surgeon must choose the most appropriate flap design to allow placement and stabilization of retractors and instruments for the removal of an impacted tooth. (6) (7) (8) However, little attention has been given to the soft tissue that must be incised and reflected to surgically gain access to the impacted tooth. (9, 10) Over the years, the authors suggested different types of flap design that can be used for the removal of impacted lower third molar, (1, 8, (11) (12) (13) while only few studies have been carried out to compare the effect of choosing a certain flap design over another on post-operative complaints. (9, 11) In this clinical trial, four commonly used flap designs (envelope, standard, modified standard and S-shape) in lower third molar removal were evaluated clinically.
The aims of the study were to estimate the effect of using different flap designs on the most likely post-operative complaints (pain, swelling and trismus) following lower third molar surgery.
MATERIALS AND METHODS
Sixty outpatients aged between 17 and 35 years of age who were attending Oral and Maxillofacial Surgery Department, Dental Teaching Hospital of Dentistry College, Mosul University who required surgical removal of mesio-angularly impacted mandibular third molar teeth and good oral hygiene were eligible for inclusion in this study. Before participation in this study, full medical histories were obtained from all patients, those with systemic diseases were excluded from the study. Women patients were excluded if they were pregnant or lactating. In addition, any patient who had taken any analgesic or anti-inflammatory agent within 12 hours period before surgery was also excluded from the study. A specific case sheet was designed for each patient (Figure 1) .
The patients were randomly enrolled into four treatment groups: Each containing 15 patients ( Table 1 ).
The random allocation of patients to the four treatment groups ensured that patient and treatment variables such as age, sex, operation time and degree of surgical difficulty were uniformly distributed among the treatment groups. Group I included 15 patients; impacted teeth were removed using envelope flap, where the incision extends from the mesial papilla of mandibular first molar around the necks of the teeth to the distobuccal line angle of the second molar, and then posteriorly to and laterally up the anterior border of the ramus ( Figure 2A ). (13) In group II, 15 impacted teeth were removed using standard flap, in which the anterior incision curves forwards from the distobuccal corner of the crown of the second molar and ends alongside the mesiobuccal cusp of that tooth. Distally the horizontal incision was extended with the buccal side of the tooth to the external oblique ridge ( Figure 2B ). (13) Whereas in group III, modified standard flap was used for the removal of 15 impacted teeth. In this type of flap design, the anterior vertical incision is commenced at the distobuccal corner of the crown of the lower first molar and extended forw-ards alongside that tooth. A horizontal inc-ision is made in the buccal gingival cre-vice of the second molar and then the inci-sion is extended along the buccal side of the tooth to the external oblique ridge ( Figure 2C ). (13) In group IV, an S-shape flap design was used where the incision was made from the retromolar fossa across the external oblique ridge curving down through the attached mucoperiosteum to run along the reflection of the mucous membrane to the anterior border of the first permanent molar ( Figure 2D ). (13) Figure (2): Types of flap (13) A; Envelope; B: Standard; C: Modified standard; D: S-shape
Surgical Procedure
All of the operations were performed under local anaesthesia which was obtained by inferior alveolar, lingual and long buccal nerve block, using 2.2 ml lidocaine with 1:80 000 adrenaline (Septodont, France). A standard surgical technique was used for all patients as described by Killey et al. (14) Following reflection of mucoperiosteal flap, bone removal was done as needed.
The severity of surgical trauma was graded as follows: 1) Mild Trauma: Only reflection of mucoperiosteal flap and creation of point of application for elevator. 2) Moderate Trauma: Reflection of mucoperiosteal flap and bone removal by creating gutter on the buccal side of the tooth. 3) Severe Trauma: Reflection of a mucoperiosteal flap, bone removal from the occlusal, buccal and distal sides, together with sectioning of the tooth. (2, 3) After removal of the impacted tooth, the socket was irrigated with 10 ml normal saline (Mosul IV Plant, Iraq) and only one stitch was done just distal to the standing lower second molar and post-operative instructions were given to the patient. (13) All patients were given metronidazole tablets (as antibacterial agent) 400 mg bid and paracetamol tablets (as analgesic) 500 mg qid for 5 days post-operatively. (10, (15) (16) (17) 
Assessment of Post-operative Pain
The pain was evaluated subjectively according to the following criteria: (18) 0= No pain. 1= Mild pain: It is easily tolerated. 2= Moderate pain: It is causing discomfort, but bearable. 3= Severe pain: It is causing discomfort, hardly tolerated and unbearable.
Assessment of Post-operative Swelling
The post-operative swelling was ass-essed subjectively by criteria developed by Sabur (3) as follows: Grade 0= No swelling. Grade 1= Oedema that involves the alveolar mucosa buccally and/or lingually (intraorally). Grade 2= Oedema that involves the alveolar mucosa buccally and/or lingually, and involves the cheek (extraorally) to the lower border of the mandible. Grade 3= Oedema that involves the alveolar mucosa buccally and/or lingually, and involves the cheek (extraorally) below the lower border of the mandible.
Assessment of Post-operative Trismus
The maximum mouth opening ability measured in millimeters was recorded between right upper and right lower central incisors with the use of a vernier-calibrated sliding caliper. (19) Mouth opening was recorded pre-operatively, 1 day, 3 days and again on 7 days post-operatively. Percentage of trismus was calculated according to the following equation: (20) Post-operative mouth opening (mm) × 100% Pre-operative mouth opening (mm)
All patients returned for checkup of pain, swelling and trismus on the first, third and seventh post-operative days.
Statistical analysis of the data in this study included Kolmogorov-Smirnov test (21) for the comparison of pain and swelling among the four groups; whereas analysis of variance (ANOVA) was used to co-mpare the results of trismus among the study groups.
RESULTS
The demographic sex distribution and the mean age of all patients included in the present study were shown in Table (1) . Concerning group I, there were 7 male and 8 female patients. The age range was 18-34 years with a mean age 21 years. However, in group II 8 cases male and 7 cases female were found; age range was 17-36 years and a mean age 23 years. Meantime, 5 male patients and 10 female patients included in group III. The age range was 17-35 years and mean age 23 years. Lastly, group IV contained also 5 cases male and 10 cases female, while the age range was 17-35 years and the mean age was 24 years. Table ( 2) showed details of impacted teeth removed including surgical trauma and time of operation. Group I included 9 mild cases, 5 moderate and only 1 case was severe. The range of operation time was 10-45 minutes and the mean operation time was 20 minutes. In group II, the majority of cases were moderate (8) 
Pain
Concerning day 1 interval, the majority of patients suffered from mild to moderate pain, only 2 patients recorded no pain and 4 patients showed severe pain. No statistically significant difference (p < 0.05) was observed among all treatment groups. The same thing was true for 3 days period, where no significant differences were observed. Only one patient from all groups recorded severe pain, whereas 22 patients recorded no pain, 19 patients showed mild pain and 18 patients suffered from moderate pain. Over the next 7 days, the pain levels were dramatically decreased. The majority of patients recorded no pain and only 10 patients stated mild pain (Table 3) ; but again, no statistically significant differences (p < 0.05) were observed as shown in Table ( 
Swelling
At one day period, the majority of patients recorded grade 1 swelling. Only one patient from group II had no swelling (grade 0), and another one patient from group III had grade 3 swelling. The remaining patients complained from grade 2.
At the third day, also the highest number of patients showed grade 1 swelling.
However, no patient experienced grade 3; but at day 7, the majority of patients showed no swelling, and only one patient showed grade 2. Meantime, 3 patients belonging to group II and 2 patients from group III suffered from grade 1 swelling (Table  5) . Statistical analysis showed no significant differences among treatment groups concerning swelling (Table 6) . Table ( 
Trismus
At one day period, group II patients showed the highest mean (90.233%), while group III showed the least mean (86.100%). However, no significant difference was observed as shown in Table (7). At 3 days interval, the highest mean was recorded by group IV (91.713%), and the least mean was shown in group III (86.560%). But again, no significant differences were noted ( Table 7) . The same thing was true concerning 7 days interval, where significant difference was not found; although group IV recorded the highest mean (99.85%) and group III patients showed the least mean (97.27%). Meantime, the mean for group I was 98.97% and 98.44% for group II as shown in Table  (7) . 
DISCUSSION
The two main mistakes made by general dentists when removing impacted third molars are inadequate flap deign and inadequate bone removal. The flap must be large enough to provide unobstructed visibility to the tooth and encasing bone. (1, 17) According to our knowledge and researches, no previous study had compare between different flap designs and their effect on pain, swelling and trismus. In the present study, four flap designs were assessed clinically on most common post-operative complaints to the patients (pain, swelling and trismus). Statistical analysis revealed no significant difference regarding pain among all treatment groups at 1 day, 3 days and 7 days post-operatively. This was in agreement with the findings of Bracco et al., (17) who stated that pain was not generated due to the incision itself (whatever the type of incision) but due to the release of endogenous mediators such as bradykinine, serotonine and certain types of prostaglandin. Beside that raising in tissue tension within the inflamed area is another cause. Also, other researchers (22) (23) (24) stated that the type of incision had no influence on pain.
In the statistical comparison at day 1, day 3 and day 7 among treatment groups, no significant differences in swelling were noticed. This may be due to the fact that post-operative swelling is mainly due to local oedema caused by accumulation of fluid exudates in the interstitial tissue spaces.
(5) Also, other researchers (2, 3, (24) (25) (26) mentioned that the type of incision appear to have no effect on post-operative swelling, and they concluded that the oedema was caused by the reflection of the periosteum and not by making a relaxing incision. Also the damage to the periosteum probably caused more oedema. However, McCagie (27) insisted that when some surgeons extend the incision into the sulcus (as in standard, modified and S-shape), although over extension in this area is not likely to encounter major vessels, a venous plexus may be encountered which may give rise to a brisk ooze resulting in more swelling. According to this opinion, the envelope incision will avoid this complication, since its anterior extension being confined to the gingival trough: The deeper the tooth the further this incision is extended anteriorly, and the papillae seem to heal well, but no one has studied these points in details. (27) The results of trismus showed that the highest degree was recorded in one day period. The extra-pain that had been recorded in this interval is probably responsible for this reflectory trismus. (19, 28) However, Sowray (29) wrote that there was a relation between the cheek swelling and trismus. If the patient had a marked swelling of the cheeks, then there was a concomitant degree of trismus, but these results disagree with those of the present study since no massive extra-oral swelling was recorded in all groups in this study. Furthermore, no significant differences were observed among treatment groups at one day period. The same thing was true for 3 days and 7 days intervals. This may be due to the strong inter-relation between post-operative pain and trismus indicating that the pain is the main reason for reduced mouth opening following removal of impacted mandibular third molars. (29, 30) The results of trismus in this study agree with other studies (19, (28) (29) (30) (31) who concluded that the trismus was reduced as a result of the reduction of pain and swelling at 3 days and 7 days intervals.
CONCLUSION
The type of incision appeared to have no effect on post-operative complaints following surgical removal of impacted mandibular third molars at these intervals and further investigations are recommended for longer post-operative periods.
